Introduction
Hypertension affects 15-37% of the global adult population (1), accounts for 13% of global mortality and is predicted to substantially increase over the next 20 years (2) . Although this highly prevalent condition is treatable, in the US approximately 30% of adults with hypertension are unaware that they have a problem, more than 40% are not on treatment and only about one-third of treated patients have their high blood pressure (BP) controlled (3) . Similarly in Japan, approximately 30% of hypertensive adults over the age of 40 years are not receiving treatment, and in about half of treated patients, BP is not controlled to the target level (4) .
The most recent advances in antihypertensive therapies include drugs targeting the renin-angiotensin-aldosterone system (RAAS) (5) , and antihypertensive agents that suppress RAAS have been increasingly utilized in Japan (6) . The RAAS, via angiotensin II and aldosterone, is a key regulator of BP and body fluid volume. In the RAAS, renin converts angiotensinogen to angiotensin I, which is then converted to the potent vasoconstrictor angiotensin II, primarily by angiotensin converting enzyme (ACE). The binding of angiotensin II to the angiotensin II type 1 (AT1) receptor on target cells results in increased peripheral vascular resistance and elevated BP. Increased and continued activation of the RAAS leads to chronic hypertension and is a major underlying cause of end-organ damage and cardiovascular events-which are both long term consequences of hypertension (7, 8) .
Suppression of RAAS with ACE inhibitors or angiotensin receptor blockers (ARBs) has proven to be clinically effective, producing a reduction in BP and evidence of end organ protection. ACE inhibitors reduce production of angiotensin II by inhibiting its conversion from angiotensin I by ACE, while ARBs suppress the action of angiotensin II by blocking binding to AT1 receptors (9) (10) (11) . In addition to their antihypertensive efficacy, ACE inhibitors produce further beneficial effects, such as improved insulin sensitivity via the inhibition of kininase II and subsequent increase in bradykinin levels (12) . However, elevated bradykinin levels are thought to be responsible for the dry cough that is reported by up to 20% of patients receiving treatment with this drug class (10, 13) . ACE inhibitors also fail to block angiotensin II production via ACE independent mechanisms (14, 15) . Meanwhile, ARBs have been shown to suppress cardiovascular remodelling via inhibition of AT1 receptor function (16, 17) . However, increased circulating levels of angiotensin II may lead to the stimulation of the angiotensin II type 2 (AT2) receptor population. The precise physiological role of AT2 receptors has yet to be determined, but they have been reported to be involved in the development of left ventricular hypertrophy (16, 18) . In addition to these effects, both ACE inhibitors and ARBs cause an increase in plasma renin activity (PRA) (19, 20) . Therefore, the optimal means of suppressing the RAAS may be to directly inhibit renin and thereby target the system at its point of activation. This would 1) reduce angiotensin II production; and 2) prevent a rise in PRA by inactivating the renin released as a result of compensatory feedback mechanisms (21, 22) . Through this strategy, it is unlikely that renin inhibitors would produce detrimental effects analogous to those described above for ACE inhibitors and ARBs.
In the 1990s, several renin inhibitors were developed. These reduced angiotensin levels, lowered BP and had few significant adverse effects (23) (24) (25) (26) (27) ; however, low potency, poor bioavailability and short duration of action after oral administration prevented their practical use in hypertension (28) . Aliskiren is the first in a new class of orally effective, nonpeptide, renin inhibitors for the treatment of hypertension (29, 30) . In vitro, aliskiren is a potent inhibitor of renin (IC50= 0.6 nmol/l) (29, 30) with a plasma half-life of approximately 40 h (31) . In non-hypertensive humans, aliskiren (40-640 mg once daily) was well tolerated and provided dosedependent sustained inhibition of PRA and of angiotensin I and angiotensin II production (19, 20) . Clinical trials in patients with essential hypertension demonstrated that oncedaily oral treatment with aliskiren achieved dose dependent (up to 300 mg/day) reductions in ambulatory BP, reducing both diastolic BP (DBP) and systolic BP (SBP). In these studies, aliskiren compared favorably with the ARBs irbesartan and losartan, displaying similar efficacy and tolerability after 4 and 8 weeks of treatment (32, 33) .
Hypertension is a global problem and racial differences in response to antihypertensive treatment and renin activity have been shown. However, many clinical trials have recruited predominantly Western populations, and thus there are few data for Asian populations (34) . Studies of antihypertensive agents across the range of racial groups are therefore important.
The aim of this randomized, double-blind, placebo-controlled study was to assess the antihypertensive efficacy of aliskiren 75 mg, 150 mg and 300 mg once daily in Japanese patients with hypertension. This is the first placebo-controlled study to investigate the effects of a renin inhibitor in Japanese patients with hypertension.
Methods

Participants
For this study, Japanese men and women with essential hypertension between the ages of 20 and 80 years were recruited from 29 clinical centers in Japan. To be eligible for the study, patients were required to have a mean sitting DBP of ≥ 90 mmHg and < 110 mmHg during the run-in period, and ≥ 95 mmHg and < 110 mmHg at baseline (when patients were randomized to treatment), with a < 10 mmHg difference in DBP between the two measurements. Exclusion criteria included severe hypertension (sitting DBP ≥ 110 mmHg and/ or SBP ≥ 180 mmHg); suspected secondary hypertension; suspected malignant hypertension; type 1 diabetes or type 2 diabetes receiving insulin or with poor glucose control (HbA1C > 8%); serious cardiac, hepatic, renal or cerebrovascular disease; and clinically significant allergy. Patients were also excluded if they had a history of pancreatitis; malignant tumours in the last 5 years; autoimmune diseases; anemia, gout, or hyperthyroidism; apparent dehydration; and pregnancy. In addition, patients were not eligible if they were receiving treatment for a gastric or duodenal ulcer or had taken any other investigational product within the last 12 weeks.
Study Design
This was a 13-week, multicenter, randomized, placebo-controlled, double-blind, parallel-group study. After screening, eligible patients received placebo during a 4-week singleblind "wash out" period. Patients were then randomized to receive once-daily treatment for 8 weeks with aliskiren 75 mg, aliskiren 150 mg, aliskiren 300 mg, or placebo. Following the treatment phase the trial ended with a 1-week withdrawal period. Each dose of medication was administered Data are presented as mean±SD, unless otherwise stated. BMI, body mass index; bpm, beats per minute; DBP, diastolic blood pressure; SBP, systolic blood pressure.
between 6:00 AM and 10:00 AM every morning and had to be taken at least 30 min before a meal. The only exception was on the day of each scheduled study visit (excluding visit 1), when patients were instructed to take their medication after all examinations and observations were completed. Aliskiren was available as film-coated tablets of 75 mg and 150 mg. Patients randomized to receive aliskiren 75 mg or 150 mg took one tablet of the relevant dose and patients randomized to receive aliskiren 300 mg took two 150 mg tablets. To maintain blinding, all patients took three tablets a day (two aliskiren tablets plus one placebo, two placebo tablets plus one aliskiren, or three placebo tablets). Drug allocation tables were prepared by computer-generated random numbers and patients were assigned to treatment groups via central allocation. The allocation schedule was then concealed until the key code was broken, so all patients, investigators, collaborators and the sponsor were unaware of the treatment assignments throughout the study.
The study was performed in compliance with the Guidelines for Good Clinical Practice and the Declaration of Helsinki of the World Medical Association, and received approval by the Institutional Review Board. All patients gave written informed consent.
Assessments
Patients were screened for inclusion/exclusion criteria and given information and consent forms at the start of the study. Eligible patients were then further screened for demographic characteristics (including age, gender, height, weight, hypertension history), previous drug use, sitting BP and pulse rate, chest X-ray, laboratory tests, pregnancy test and 12-lead resting ECG. A second visit took place 2 weeks later during the wash out period to assess sitting BP and pulse, and treatment compliance to placebo. Patients were randomized at the baseline visit (4 weeks after the first assessment), at which time they were given a third assessment that included trough BP measurement (standing, sitting and supine) using the automatic Omron HEM-907, sitting pulse, laboratory and pregnancy tests, assessment of compliance to placebo and an inquiry about concomitant medication. Follow-up study visits took place at 2, 4, 6 and 8 weeks after randomization, and during the withdrawal period.
The primary efficacy assessment was mean sitting DBP at the study endpoint, calculated by the average of three measurements taken at 1-to 2-min intervals after resting for at least 5 min in the seated position. Sitting BP and pulse were measured at all intermediate visits while standing, and supine BP values were measured at the baseline visit just prior to randomization (visit 3 [week 0]) and the visit at week 8 (or at the time of discontinuation).
To assess safety, adverse events were recorded by date of onset, rated as mild, moderate or severe, and judged as being related to the study medication or not. Laboratory variables were measured at baseline, week 4 and week 8. Tests included hematology (leukocyte count, hemoglobin), blood biochemistry (liver transaminases, serum creatinine) and urinalysis (including glucose and protein). At baseline and at week 8, body weight was measured and a 12-lead ECG obtained. Treatment compliance was monitored at all visits by asking patients the dates and times that they took the study drug before the current visit. Compliance was defined as correct medication compliance on at least 70% of the days. 
Data Analysis and Statistical Methods
The primary efficacy variable was the change in mean trough sitting DBP from baseline at endpoint. The primary efficacy analysis was a comparison of the primary efficacy variable between the aliskiren treatment groups and placebo. Secondary efficacy variables were change in mean trough sitting SBP from baseline, proportion of patients responding to treatment (those with mean sitting DBP < 90 mmHg and/or with a ≥ 10 mmHg decrease in mean sitting DBP from baseline on completion of treatment) and dose-response relationship (in terms of the primary and secondary efficacy variables). Changes in mean trough sitting DBP and SBP from baseline in each treatment group were assessed by a two-way analysis of covariance, using dose of aliskiren as an explanatory variable and baseline mean trough sitting SBP and DBP as covariates. The least square mean change and its 95% confidence interval were obtained for each treatment group. The least square mean differences between changes in each of the aliskiren treatment groups and the placebo treatment group, the 95% confidence intervals and the p-values were also obtained. Dunnett's sequential rejection test was then used to adjust for multiple comparisons. In the case of missing data, the last measurement in the double-blind period was carried forward. The number and proportion of patients responding to treatment in each of the active drug groups was compared with the corresponding values in the placebo group using logistic regression analysis. Odds ratios and their 95% confidence intervals were also calculated for each treatment group.
The dose-response relationship was assessed with respect to the primary and secondary variables as: linearly increased; saturated at medium dose; increased at high dose; or constant depending on the relative response to each dose.
Efficacy and safety analyses were performed on the full analysis set (FAS) of all randomized patients. Patients who discontinued the study treatment or had major protocol deviations were excluded from the per protocol set (PPS). A target sample size of 440 patients (110 in each treatment group) was selected to be able to detect a 3.5 mmHg difference in mean sitting DBP between treatment groups and the placebo group with a power of 80% as estimated using the Dunnett's sequential rejection procedure, assuming a standard deviation of 8 mmHg and a drop-out rate of 10%.
Results
Patients
A total of 615 patients with essential hypertension were screened for the study, of which 455 patients were randomized to the four treatment groups (115 patients in the placebo group, 115 in the aliskiren 75 mg group, 112 in the aliskiren 150 mg group and 113 in the aliskiren 300 mg group). Of the 455 patients randomized (FAS), 21 (4.6%) patients, mainly from the placebo group, discontinued study treatment during the double-blind phase of the trial. The main reasons for discontinuation among all patients were adverse events (n= 10) and withdrawal of consent (n= 7) (Fig. 1) . No difference was observed between the FAS and PPS populations in terms of results for the primary endpoint.
Patient demographics and disease characteristics were similar in all treatment groups at baseline and are shown in Table 1 .
During the double-blind treatment phase of the study, only one patient was non-compliant with the study medication; this patient was in the aliskiren 75 mg group. Also during this phase, more than half the patients used concomitant medications: 47.8%, 61.7%, 55.4%, and 55.8% of patients receiving placebo, aliskiren 75 mg, 150 mg, and 300 mg, respectively. The principal concomitant medications received by patients are listed in Table 2 .
Efficacy
All doses of aliskiren caused significant reductions (p< 0.0005) in mean sitting DBP compared with placebo ( Fig.  2 and Table 3 ). The antihypertensive effect of aliskiren on mean sitting DBP became evident after 2 weeks of treatment and further BP lowering was observed until week 8. A significant reduction (p< 0.001) was also observed in the mean sitting SBP following treatment with aliskiren (all groups) compared to placebo (Fig. 2 and Table 3 ). The placebo-corrected reductions in mean sitting SBP/DBP due to active treatment were 5.7/4.0, 5.9/4.5, 11.2/7.5 mmHg in the aliskiren 75 mg, 150 mg, and 300 mg groups, respectively. Similar reductions were observed for the trough standing and supine DBP and SBP following treatment with aliskiren
Fig. 2. Effect of aliskiren on mean sitting diastolic blood pressure (DBP) in Japanese patients with hypertension over the course of the double-blind treatment period (week 0-8) and following the 1-week withdrawal period (week 9). Data are presented as mean changes in DBP from baseline following treatment with aliskiren 75 mg (filled squares), 150 mg (filled diamonds), 300 mg (filled triangles) or placebo (open circles). Data are presented as mean±SEM.
(data not shown).
Dose-response analysis showed that the relationship between reductions in mean sitting DBP and SBP and aliskiren dose was almost linear. However, further contrast analysis revealed that a pattern of similar reductions with aliskiren 75 mg and 150 mg and greater reductions with aliskiren 300 mg was a better fit for both mean sitting DBP and SBP.
The "successful responder" was defined as a patient whose mean trough sitting DBP decreased to < 90 mmHg or decreased by ≥ 10 mmHg from baseline during the doubleblind period, or if both these criteria were satisfied. The proportion of patients who responded to treatment was significantly higher (p< 0.005) in each of the aliskiren groups compared with the placebo group, and increased with dose from 47.8% in the aliskiren 75 mg group to 63.7% in the aliskiren 300 mg group (Table 4 ). In addition, the proportion of patients whose BP was controlled (mean sitting BP < 140/ 90 mmHg) in the aliskiren treatment groups was significantly higher (p< 0.05) than in the placebo group, and increased in a dose-dependent manner (from 23.5% to 41.6%).
The reductions in mean sitting DBP were sustained following withdrawal from aliskiren. At 1 week after treatment withdrawal, the mean sitting DBP was lower than at baseline in 77/110 (70.0%), 84/109 (77.1%) and 92/111 (82.9%) of patients receiving aliskiren 75 mg, 150 mg, and 300 mg, respectively, compared with 62/104 (59.6%) of patients receiving placebo.
Safety and Tolerability
Aliskiren treatment was well tolerated, displaying a placebolike safety profile with the incidence of adverse events (AEs) reported in the active treatment groups (53-55%) being similar to that in the placebo group (50%). Furthermore, there was no evidence of any increase in the incidence of drug-related AEs with increasing dose of aliskiren (Table 5 ). AEs were reported in a total of 239 patients (52.5%) and led to study discontinuation for ten patients, four in the placebo group and two in each of the aliskiren groups. AEs suspected to be related to the study drug occurred in 71 (15.6%) patients, broken down as 21 (4.6%), 13 (2.9%), 19 (4.2%) and 18 (4.0%) patients in the placebo, 75 mg, 150 mg and 300 mg aliskiren groups, respectively. The most commonly reported all-causality AEs were nasopharyngitis, headache and laryngopharyngitis. Although the incidence of nasopharyngitis was numerically higher in the active treatment groups than in the placebo group, there was no evidence of any increase in the incidence of all-causality AEs with increasing dose (Table 5) .
Clinical laboratory values were unaltered in the majority of CI, confidence interval. Responders (n) were defined as patients in whom mean sitting DBP was <90 mmHg at the end of the treatment period and/or decreased by ≥10 mmHg from baseline. *p-values were calculated using a logistic regression model using baseline blood pressures as a covariate.
patients, with no evidence of a clinically significant change from baseline in any of the treatment groups. The most frequent abnormality was elevated alanine aminotransferase (Table 6 ), but its incidence was similar across the active treatment (1.8-4.3%) and placebo (2.6%) groups. Only two patients, both receiving aliskiren 75 mg, had hyperkalemia (≥ 20% increase in potassium levels from baseline). During the treatment period, serious AEs, including one death, were observed in five patients. Three serious AEs were reported in patients receiving placebo and were not deemed related to the study drug; one patient suffered cerebral infarction, a second was diagnosed with pancreatic cancer/hepatic metastases of pancreatic cancer and a third presented with infective enteritis. One serious AE was judged to be possibly related to the study drug; this was a case of acute myocardial infarction in a patient receiving aliskiren 75 mg. The one death (in the aliskiren 150 mg group) was not considered related to the study drug. It occurred in a patient receiving concomitant psychiatric treatment for manic depression who was suspected to have overdosed on one of these medications.
The extent of the psychiatric illness was not known to the investigator until after the event.
Discussion
This study, which is the first to assess the antihypertensive efficacy and safety of aliskiren in Japanese patients with hypertension, demonstrates that the once-daily oral renin inhibitor aliskiren provides significant, dose-dependent reductions in BP with placebo-like tolerability.
The antihypertensive effects of aliskiren demonstrated in Japanese patients in the present study are consistent with those observed in previous studies on aliskiren conducted in ethnically diverse but predominantly Western populations (31, 32) . In the present study, the reductions in BP from baseline after 8 weeks treatment with aliskiren 150 mg and 300 mg (8.7/7.8 mmHg and 14.7/10.7 mmHg, respectively) are similar to the reductions recorded in a study of predominantly Western populations (11.4/9.3 mmHg and 15.8/11.8 mmHg for aliskiren 150 mg and 300 mg, respectively) (32). In addi- tion, the dose-dependence of the response in Japanese patients was similar to that seen in Western patients (32) . In both study populations, while the 150 mg/day dose of aliskiren was an effective BP lowering dose, titration to the 300 mg/day dose could be useful for patients failing to achieve target. Also consistent with the previous clinical trial of aliskiren, the dose-dependent antihypertensive effect of aliskiren was evident within 2 weeks of the first dose (32) . In general, there do not appear to be significant racial differences in response to aliskiren between Japanese and Western patients with hypertension.
As expected due to the long plasma half-life of aliskiren, this study showed that once-daily dosing with aliskiren provided effective BP control when measured at trough. The convenience of such once-daily dosing is an important factor for improving patient compliance with antihypertensive therapies, and in this clinical trial setting, compliance was excellent. In addition, evidence suggests that sustained 24-h BP control, as observed with aliskiren (33) , is essential to achieve optimal BP control and to protect against end-organ damage (35) .
Patient compliance with aliskiren is also aided by its placebo-like safety profile (32, 33, 36) . In this study aliskiren was well-tolerated in all treatment groups, consistent with previous findings that aliskiren has a safety profile equivalent to the ARBs losartan and irbesartan, and placebo (32, 33) . Clinically significant elevations in potassium levels were reported in two patients receiving aliskiren 75 mg, but there was no evidence of a dose-related change. Hyperkalemia has been reported with other inhibitors of the RAAS (ARBs and ACE inhibitors) and for these drug classes it is reported as a side effect to be monitored.
This study adds to the growing evidence that the renin inhibitor aliskiren is effective in the short-term for hypertension, but longer-term and larger-scale studies will be needed to confirm its promise in end-organ protection. However, given the effectiveness of RAAS inhibition in hypertension and a wide range of other disease states, it seems likely that aliskiren will become an important addition in the fight against hypertension.
In conclusion, once-daily treatment with aliskiren 75 mg, 150 mg or 300 mg significantly lowered BP in Japanese patients with essential hypertension. This reduction was evident after only 2 weeks of treatment and was long lasting and dose-dependent. In addition, aliskiren demonstrated a safety profile similar to that of placebo, an important consideration in the largely asymptomatic condition of hypertension.
